5,5-Dimethyl-l,3,2-dioxa phosphorocyclohexane 2-phosphoryl thioureas (4a-l) were synthesized by the reaction of phosphorus oxychloride with 2,2-dimethylpropanediol, potassium isothiocyanate, and substituted arylamines successively. IR, 'H-NMR and elementary analysis characterized their structures. The antibacterial test showed they were efficient against Fusarium oxysporium and Rhizatonia solani.
INTRODUCTION
It is known that organophosphorus compounds have many practical applications in the fields of pharmacy and agriculture l\l. They have attracted considerable interest in recent years due to a large variety of biological activities such as fungicidal 121, herbicidal III, antitumor /4/, and antiviral properties 151, and many of them have been commercialized for these uses. At the same time, substituted acylthiourea derivatives also possess pesticidal, herbicidal, plant growth regulation activities and so on 16,11. The introduction of organophosphorus into thiourea structures not only reduces the toxicity of organic phosphorus compounds for mammals, but also expands the application scope of thiourea compounds. These significant results prompt us to search for more biologically active acylthiourea derivatives. In this paper, twelve 5,5-dimethyl-l,3,2-dioxaphosphorinane phosphoryl thiourea derivatives (4a~l) were prepared by incorporating an organic phosphorus moiety with substituted thiourea; their structures were characterized by elementary analysis, 'H-NMR and IR spectra. The syntheses of the compounds are outlined in Scheme 1 and the substituted aryls in 
2-Isocyanate-5,5-dimethyI-l,3,2-dioxaphosphorocyclohexane 3 /12/
To a solution of 2 (0.12 mol) in 20 mL acetonitrile, KSCN (0.25 mol) was added gradually with stirring; the mixture was stirred at 65°C for lOhs, filtrated and extracted with dichloromethane (15 mL*2), the solvent was evaporated by reduced pressure to give a yellow liquid, which was not purified for the next step.
2-Aryl thiourea-5,5-dimethyl-2-oxa-l,3,2-dioxaphosphorocyclohexane 4 /12/
To a mixture of 3 (10 mmol) in chloroform (30 mL), a solution of aniline (10 mmol) in chloroform (10 mL) was added dropwise with stirring. The mixture was refluxed until reaction completion was detected by thin-layer chromatography. The solvent was evaporated off under reduced pressure, the residue was diluted with ether (10 mL) and cooled in ice-water bath, the crude product was crystallized with DMF-H 2 0 to give the target compound. The experimental results are shown in Table II .
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RESULTS AND DISCUSSION
Preparation of 5,5-Dimethyl-l,3)2-DioxaPhosphorocyclohexane 2-Arylthioureas (4)
The reaction of 2,2-dimethyl-l,3-propanediol 1 and phosphorus oxychloride was mechanistically an esterifaction of phosphoryl chloride. The two multifunctional reactants needed equal molecular quantities. It was essential to avoid excessive phosphorus oxychloride, otherwise a sticky products mixture was formed and made the purification of 2 difficult. According to the general solubility rule, a non-proton solvent was favorable for the reaction. Tested respectively with chloroform, benzene, tetrahydrofuran and others, the results showed that chloroform was the most effective, since it took a short time, the product was colorless, and the yield was higher. On the other hand, the reaction temperature was an important factor; it should be controlled by smooth reflux. A higher temperature always leads to dark color and unknown products; at a lower one the desired results were not observed.
As for the addition of isocyanate 3 with substituted anilines, side-substitution reactions cannot be completely avoided /8/. In order to minimize these reactions, the control of reaction conditions is rather
important. An alkaline medium is favorable to the reaction, the proper temperature must be controlled to ensure that the reaction is completed. It was found that the undesired by-product could be reduced to a certain extent if the reaction was carried out in anhydrous non-proton solvent such as acetonitrile. Table II shows the experimental results, elemental analysis and some physical data. 
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Characterization of 5,5-Dimethyl-l,3,2-DioxaPhosphorocyclohexane 2-Arylthioureas (4)
In their IR spectra, Compounds 4a~l exhibited a sharp band around 1220-1230 cm" 1 due to the P=0 group, whereas the bands around 1250 cm' 1 and 1000 cm"' were attributed to C=S and P-O-C groups respectively. The N-H absorption, 3300~3200cm"', which was a little lower than the common N-H vibration frequency, resulted from the intramolecular hydrogen bond it formed with P=0 group 191.
There are two NH groups in the compounds, and in their 'HNMR spectra the peak of NH next to phosphorus is a wide doublet, but the other NH is downfield and a little affected by Ar groups, which again is due to the intramolecular hydrogen bond interaction /9/. A rather weak signal at 10 ppm for the NH was observed, and it disappeared when treated with heavy water. The two methyl groups are not equal and yield two singlet peaks at 0.8 ppm and 1.2 ppm respectively, because of their different orientation in space /10/.
The detailed data are shown in Table III . Li et al.
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Antibacterial Activity
A preliminary test of antibacterial activity was done for the compounds on Fusarium oxysporium, Rhizatonia solani, Gibberella zeae, Biopolaris mayalis, and Dochiorella gregaria, Table IV gives the inhibition of compounds 4 a -I (the concentration is 50μ1/ί and compared with DMF as a standard). The results showed that the compounds d, h, j, k had remarkable activity for all the bacterial, especially for Fusarium oxysporium and Rhizatonia solani. 
